Food intake increases metabolism and body temperature, which may in turn influence 17 ventilatory responses. Our aim was to assess the effect of food intake on ventilatory 18 sensitivity to rising core temperature during exercise. Nine healthy male subjects 19 exercised on a cycle ergometer at 50% of peak oxygen uptake in sessions with and 20 without prior food intake. Ventilatory sensitivity to rising core temperature was defined 21 by the slopes of regression lines relating ventilatory parameters to core temperature. 22 Mean skin temperature, mean body temperature (calculated from esophageal 23 temperature and mean skin temperature), oxygen uptake, carbon dioxide elimination, 24 minute ventilation, alveolar ventilation, and tidal volume (V T ) were all significantly 25 higher at baseline in sessions with food intake than without food intake. During exercise, 26 esophageal temperature, mean skin temperature, mean body temperature, carbon 27 dioxide elimination, and end-tidal CO 2 pressure were all significantly higher in sessions 28 with food intake than without it. By contrast, ventilatory parameters did not differ 29 between sessions with and without food intake, with the exception of V T during the first 30 5 min of exercise. The ventilatory sensitivities to rising core temperature also did not 31 differ, with the exception of an early transient effect on V T . Food intake increases body 32 temperature before and during exercise. Other than during the first 5 min of exercise, 33 Page 2 of 45 https://mc06.manuscriptcentral.com/apnm-pubs Applied Physiology, Nutrition, and Metabolism 34 both body temperature and metabolism. Thus, with the exception of an early transient 35 effect on V T , ventilatory sensitivity to rising core temperature is not affected by food 36 intake. 37 38 Applied Physiology, Nutrition, and Metabolism 42 During exercise in the heat, body temperature rises, and minute ventilation (V ． E ) 43
and Brooks 1999 , Hayashi et al. 2014 , Hill et al. 1985 , Nielsen 1987 , Welle 1984 . We 60 previously observed that food intake increases end-tidal CO 2 pressure (PET CO2 ) 61 (Hayashi et al. 2014) . Although the size of the increase in PET CO2 caused by food intake 62 was only 2 mmHg, it is reasonable to suggest the higher PET CO2 stimulates ventilation 63 during exercise. It is also well established that food intake leads to increased oxygen at 60 W, after which the load was increased at a rate of 15 W/min throughout the entire 96 exercise period. Subjects pedaled at 60 rpm, and volitional fatigue was defined as an 97 inability to pedal at more than 50 rpm. During the exercise, the subjects wore a nose 98 clip and breathed into a mouthpiece containing a two-way valve. A mass-flow sensor 99 (hot-wire type) and a gas-sampling tube were connected to the mouthpiece, and the 100 expired volume and gases were analyzed using a metabolic cart (Vmax 29, Sensor D r a f t 8 energy expenditure by multiplying the estimated basal metabolic rate by the estimated 114 average physical activity level (1.75) (Westerterp 2003) . The amounts of carbohydrate 115 (target amount was 50-65%), protein (13-20%) and fat (20-30%) were based on the 116 Dietary Reference Intake for the Japanese (Ministry of Health, Labour and Welfare 117 2014). As a result, test meals contained 115.9 ± 9.0 g of carbohydrate, 22.4 ± 0.6 g of 118 protein, and 20.5 ± 2.6 g of fat with a total energy content of 3,097 ± 235 kJ. In a pilot study, body temperature measured at least 90 min after eating was still 122 higher than before eating. We therefore scheduled the start-time for the exercise to be 90 123 min after eating (Hayashi et al. 2014) . Each subject completed two exercise sessions 124 (after a test meal and after a 12 h fast) separated by at least 5 days in random order. The All values are reported as means ± SD. Statistical analyses were performed 185 using IBM SPSS Statistics (version 19.0; SPSS Inc., USA). Two-way ANOVA with 186 repeated measures was conducted using time (levels: 0, 5, 10, 15, 20, 25, 30, and 35 187 min) and food intake (levels: with food intake and without food intake) as factors.
188
Times at which the number of subjects was reduced (40 and 45 min) were not analyzed. Table 2 ). Values of P < 0.05 were considered significant. V T were all significantly higher during the session with food intake (Table 1) there was a significant interaction effect on V T (F = 3.54, P < 0.01). The V T values were 239 significantly higher at minutes 0 and 5 during the session with food intake than without 240 food intake. (Table 2) . The major findings of the present study are that 1) differences in ventilatory 269 parameters at rest caused by food intake are diminished during exercise, and 2) the observed before exercise are caused by higher CO 2 production and elevation in 332 circulating noradrenaline levels caused by increased muscle sympathetic nerve activity.
333
However, we did not measure plasma noradrenaline concentrations. Further study will 334 be necessary to determine whether increases in plasma noradrenaline caused by food D r a f t D r a f t 22 resting and exercising was only 70 ml/min, and PET CO2 did not differ, suggesting the 361 increase in CO 2 production caused by the high-carbohydrate meal was not a strong reported that feeding suppresses ventilatory chemosensitivity to CO 2 . To our knowledge, 373 however, there have been no studies examining the effect of food intake on respiratory 374 chemosensitivity in adults. A future study will be necessary to clarify this issue.
375
As mentioned, food intake increases sympathetic nervous system activity, leading In summary, the present study shows that food intake increases baseline body 435 temperature and augments cardiorespiratory responses at rest, and that the increases in 436 body temperature and HR persist during exercise started 90 min after food intake.
437
PET CO2 at rest was not affected by food intake, but was increased during exercise. Values are means ± SD. *P < 0.05 with food intake vs. without food intake.
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